Summary: We present a new tool for the semiautomated querying of PubMed using a batch of tens to thousands of GenBank accession numbers. By combining information from UniGene and SWISS-PROT, microGENIE obtains information on the biological relevance of expressed genes, as identified by micro-array experiments, with minimal user intervention and time investment. Availability: microGENIE is freely available from
INTRODUCTION
In recent years, the use of micro-arrays has expanded dramatically. Especially the use of mRNAexpression-arrays is becoming a standard technique. Major difficulties in the experimental procedures have been resolved and the data extraction has received the appropriate attention, as well.
However, the analysis of the obtained data still poses a problem. This data constitutes of the relative levels of mRNA expression, of thousands of genes, compared between two or more different samples. The unveiling of the biological relevance of these expression profiles, still offers a challenge that is generally met by the manual screening of the literature for relevant information.
Usually only a subset of micro-array spots are considered to be interesting for further analysis. Thus, the amount of data to be analyzed is greatly reduced, but there will often be several hundreds of accession numbers left for a literature search. Unfortunately, GenBank accession numbers are not used in publications. Therefore, a researcher will have to determine wich gene is represented by a given spot on the micro-array, before it is possible to search for relevant literature.
PubMed 1 is a publicly available electronic library of publications in the field of biomedical research. The NCBI (National Center for Biotechnology Information) maintains the library and provides search capabilities that allow querying of the library.
After each experiment, the following steps have to be performed for every spot of interest:
1. find out what gene the spot is associated with; 2. craft a query for PubMed to find publications about this gene; 3. analyze these publications.
Steps 1 and 2 are semi-automated in our tool, requiring only minor intervention from the user. Assisting the user with the further analysis of the obtained publications is not yet addressed in our current work.
Some analytical tools, for the purpose of automating the process of extracting biologically relevant information from the data obtained from micro-array experiments, already exist ( (Tanabe et al. 1999; Zeeberg et al. 2003; Bussey et al. 2003) ).
MedMiner, GoMiner and MatchMiner can perform, a synonym-based PubMed search, an ontological classification with statistical analysis of under/over-representation of differentially expressed genes in different ontological categories and a comparison of lists set in different gene identifier-formats, respectively ((Tanabe et al. 1999; Zeeberg et al. 2003; Bussey et al. 2003) ). However, a user-friendly literature search based on a list of GenBank accession numbers is not available through these programs.
microGENIE: architecture and workflow
We set out to develop a tool specifically designed to perform an automated search of the literature based on a batch of accession numbers, allowing for a broad application spectrum. To increase efficiency, user intervention on the level of "refinement keywords" is allowed.
Data flow and architecture of microGENIE are as depicted in figure 1 .
Information resources employed in the prototype include the UniGene 2 , SWISS-PROT 3 and PubMed 4 databases, and a list of StopWords. From UniGene we obtained data about human genes limited to the gene name, the gene's short description and the accession numbers derived from the gene. From SWISS-PROT we obtained only the "GeneNames" field.
Generally, several different names are used for one gene. This ambiguity of gene names is recognized as a major problem in the field of bioinformatics ( (Yu and Agichtein 2003) ) and most of our efforts were devoted to overcoming it.
Therefore, we combined the information from UniGene's "ShortDescription" and SWISS-PROT's "GeneNames" fields. Quite often a gene's short description will include words that might aid the literature search. We employ a simple algorithm to analyze the description for the presence of such words. However, a gene's short description will also include terms that cannot be used in a search. Therefore, we use a list of StopWords, which includes all those words. User's intervention is required to separate the StopWords from useful keywords. Thus, a set of "Targets" (T) is obtained, including the gene name from UniGene and synonyms from the "GeneNames" field of SWISS-PROT.
The PubMed database contains biomedical publications and the NCBI provides a search system called Entrez 5 to simplify querying. To query PubMed, Entrez-supported syntax is required, which is similar to the syntax employed by most major search engines. We use T and a set of refinement keywords (R) to form the following Boolean queries: t 0∨ t 1∨ ... ∨ t n ; (t 0∨ t 1∨ ... ∨ t n ) ∧ r 0 ; (t 0∨ t 1∨ ... ∨ t n)∧ r 0∧ r 1 ; … ;(t 0∨ t 1∨ ... ∨ t n ) ∧ r 0∧ r 1∧…∧ r m where t 0 ...t n are the components of T, and r 0… r m are the components of R.
These queries search for at least one target keyword, ranked by the presence of the number of refinement keywords.
The queries are then expressed in Entrezsupported syntax and submitted to the system. The results are summarized for the user, grouped by Hs numbers obtained from UniGene. (See supplementary material for an example).
IMPLEMENTATION

MicroGENIE is implemented as a Web
Application with a Java Servlet core. JSP technology provides a HTML interface. Xercess API handles the Entrez system's XML-output.
Firebird is a DBMS hosting UniGene and SWISS-PROT and is bridged to Java by JDBC technology.
Entrez imposes limitations on its usage, including a maximum of one query every 3 seconds. Thus, the processing of N accession numbers and M refinement keywords takes at least 3*N*(M+1) seconds. Which is acceptable up to several hundreds accession numbers (i.e. 15 minutes-one hour). A remaining problem is the low recall due to multiplicity in gene naming (e.g. "GATA3" vs. "GATA-3"). In future work we aim to solve this problem by including additional data sources for morphological normalisation and synonym detection. Also, further studies are warranted to provide means of analyzing patterns in the text of the obtained abstracts. 
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